It is generally assumed that all the proteins of the body have a function. This assumption implies that, although some proteins could be more labile (Munro, 1970), there is no real protein reserve. Therefore, the main aim of clinical nutrition is either to protect or to restore the size of the body protein compartment.
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carriers. These functions are relatively well protected during starvation when amino acids released by protein catabolism in peripheral muscles are directed towards the liver for the purpose of gluconeogenesis and also for the synthesis of these proteins. Other plasma proteins such as the acute-phase reactantsa-I-glycoprotein, a-I-antitrypsin, C-reactive protein, a-2-macroglobulin, haptoglobin, caeruloplasmin, fibrinogen, etc.-play an important role in the defence of the host during various inflammatory conditions. Their synthesis in the liver is markedly stimulated by the leucocyte endogenous mediator (Pawanda & Beisel, 1982) . They then stimulate the development of the immune response and participate in wound healing.
The plasma concentration of a protein is affected not only by the balance between the rates of synthesis and breakdown, but also by changes in the amount and distribution of body fluids, by changes in capillary permeability, by external losses and by the lymphatic return (Fleck, 1981) . It was recently emphasized that the plasma concentration of albumin, although widely used in nutritional assessment and demonstrated to be a predominant factor in prognostic indices (Mullen et al. 1980) , is much more affected by changes in body fluids, occurring for instance after injury, than by protein depletion. Therefore, this parameter appears to be adequate only for studying long-term variations in the nutritional status of a given subject.
Rapid turnover visceral proteins, such as TBPA and RBP, have been proposed for investigating short-term effects of nutritional therapy (Large et al. 1980) . The early scientific interest in these proteins was focused on their relationship with vitamin A and thyroid hormone metabolism (Surks & Oppenheimer, 1964; Goodman, 1979; Rask et al. 1980) . It was later demonstrated that their plasma level was very low during protein depletion and rapidly increased after correction of the nutritional deficit (Ingenbleek et al. 1975; Shetty et al. 1979; Young et al. 1979) . A transient decrease in the plasma level of these proteins was described in inflammatory conditions that are met after injury (Ramsden et al. 1978) and during sepsis (Cooper & Ward, 1979) . These proteins were also shown to decrease during the 3 months preceding the death of patients with colon-rectum cancer (Milano et al. 1978) . However, the role played by nutrition in these circumstances was not clearly established.
The purpose of the present paper is to discuss:
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various proteins was studied in a group of thirty-four cancer-bearing and noncancer patients requiring total parenteral nutrition (TPN) on clinical grounds. The criteria of exclusion were impaired hepatic function, renal failure, insulindependent diabetes, disseminated malignancy and recent transfusion of blood and/or albumin. The clinical status and the plasma concentration of albumin, TSF, TBPA, a-I-glycoprotein and a-I-antitrypsin are shown in Table I . Because of the influence of age and sex on the plasma levels of TBPA and RBP, these parameters are presented as percentages of the predicted normal values corrected for these factors.
Because of the influence of some tumours on the efficacy of nutritional support, the effect of TPN on plasma visceral proteins was studied in two groups of noncancer bearing patients considered to be protein-depleted on the basis of an initial plasma albumin level below 35 g/1 and a rapid turnover protein concentration below 8070 of the predicted values.
The first group consisted of fifteen patients (twelve males and three females) with normal hepatic and renal function. The mean age of these patients was 47f4 years. The diagnoses were inflammatory bowel disease ( n 5), upper gastrointestinal tract fistulae ( n 3), prolonged small bowel dysfunction (n 3), chronic pancreatitis with cyst ( n 2 ) , acute colonic diverticulitis ( n I) and portal vein thrombosis ( n I). These patients received, for at least I week, TPN providing I 25 7 0 of their energy expenditure (either estimated from the Harris-Benedict formula or measured by indirect calorimetry using a Beckman MMC gas exchange analyser). The nitrogen-energy ratio was I g/630 kJ. The non-protein energy intake was provided in approximately equal amounts by glucose and exogenous fat (Intralipid, Kabivitrum).
The second group consisted of fourteen patients with acute renal failure but normal liver function. The plasma urea concentration was above 200 mg/roo ml and the plasma creatinine concentration was above 3 mg/Ioo ml. Nine patients (four males; five females) with preserved diuresis volume did not require dialysis. The mean age was 68.1k3.4 years. Five patients (three males; two females)
408

SYMPOSIUM PROCEEDINGS I 982
presented oliguria and required recurrent haemodialysis. The mean age of these patients was 48.6h6.2 years. These patients received, for at least 9 d, TPN providing a daily intake of 4.4 g nitrogen as essential amino acids plus arginine and histidine (ProteinSteril KE Nephro, Fresenius), 300 g of glucose and 100 g of exogenous fat (Intralipid, Kabivitrum). RBP is catabolized mainly in the kidneys so the determination of its concentration is irrelevant in patients with renal failure and will not be presented in the results. The effect of surgery on the plasma concentration of visceral and acute-phase proteins was prospectively studied in two groups of patients undergoing standardized operations on the gastrointestinal tract. Oral nutrition was compromised for the first 3 post-operative days in each case; during that period, the patients were infused daily with 2.5-3.0 1 of 5% dextrose in water (plus electrolytes). Oral nutrition was then progressively re-initiated and resumed to normal on the 6th or 7th post-operative day.
The first group consisted of ten patients (nine males; one female) undergoing elective surgery. The mean age in this group was 48.7rt4.7 years. Six patients underwent a Billroth I1 type of gastrectomy either for benign antral or stenosing duodenal ulcer. Three patients underwent a right hemicolectomy, in two instances for Dukes'A cancer of the caecum and in one case for benign caecal angioma. One patient underwent a resection of the small bowel for obstruction. None of these patients developed any post-operative complications.
The second group consisted of fourteen patients (eleven males; three females) undergoing emergency surgery. The mean age in this group was 39.7i-4.4 years. Five patients underwent a Billroth I1 type gastrectomy for a bleeding duodenal ulcer; five patients underwent the suture of a perforated duodenal ulcer completed by a proximal vagotomy; two patients underwent a splenectomy and sutures of the intestine after injury; two patients underwent multiple small bowel resection. Twelve patients of this group had an uncomplicated post-operative course; two patients developed an abdominal abscess that could, however, be drained without necessitating another laparotomy .
Biological determinations. Plasma albumin concentration was determined by protein electrophoresis. The plasma concentration of TSF, TBPA, RBP, a-Iglycoprotein, a-I-antitrypsin and C-reactive protein was determined by nephelometry using an automated Technicon Analyzer.
Statistical analysis. Statistical analysis was performed using the least-squares method for the correlation between plasma proteins concentration and Student's paired t test for the evolution of protein levels.
Results
Inter-relation between plasma proteins concentrations. A significant positive correlation ( r 0.73; P<o.oI) was found between the plasma levels of the slow turnover visceral proteins albumin and TSF (Fig. I) . A significant positive correlation was also observed between the plasma levels of TBPA and albumin Figs. 2 and 3, respectively. A closer correlation ( r 0 . 9 1 ; P<O.OOI) was found between the plasma levels of both fast turnover visceral proteins TBPA and RBP (Fig. 4) . By contrast, no significant correlation could be found between the plasma concentration of TBPA and the level of the acute-phase reactants a-I-glycoprotein and a-I-antitrypsin (Figs. 5 and 6) .
Effect of TPN on the plasma protein concentration of protein-depleted patients with normal renal function. The modifications induced by I week of TPN on the plasma visceral protein level of protein-depleted patients is shown in Fig. 7 . A rapid and marked rise was observed for the fast turnover proteins TBPA and RBP. The TSF level tended to rise while albumin concentration remained unchanged.
The effect of 5 d of TPN on the plasma concentration of visceral and acutephase proteins is presented in Table 2 . Previously depressed TBPA and RBP levels reached the normal range within this short period of TPN. A moderate rise in T S F concentration was observed while albumin and acute-phase reactant levels were not significantly modified. 
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The assessment of nutritional status in man Effect of TPN on the plasma protein concentration of protein-depleted patients with acute renal failure. The effect of TPN (containing only essential amino acids plus arginine and histidine as nitrogen intake) on the plasma protein concentration of nine patients with acute renal failure but preserved diuresis volume is shown in Table 3 . A significant increase in TBPA concentration was observed after 3 d of TPN and persisted throughout the period of the study. A slight elevation in TSF concentration occurred after 6 d of TPN. The plasma level of the other proteins remained unchanged.
The effect of TPN on the plasma protein concentration of five patients with acute renal failure requiring recurrent dialysis is shown in Table 4 . An increase in the plasma concentration of TBPA was observed after 6 d of TPN while the level of the other measured proteins remained unchanged throughout the 12 d period of this study.
Effect of surgery on plasma proteins. As shown in Fig. 8 , an elective operation induced a marked rise in the plasma level of the acute-phase reactants that was subsequently followed by a progressive decline occurring after the 4th post- 
The assessment of nutritional status in man 4'3 operative day. By contrast, TBPA and RBP levels rapidly dropped (by about 50% of the initial values) until the 3rd post-operative day; afterwards, they tended to return towards the normal range. Plasma TSF concentration decreased in the early post-operative period and remained stable after the 4th post-operative day. Plasma albumin concentrations observed during the post-operative course followed a pattern very similar to the one recently reported by Moore & Clark
The post-operative evolution of plasma proteins of patients having undergone emergency surgery without post-operative complications is presented in Fig. 9 , and compared with plasma proteins of patients before and after an elective operation. Except for the plasma concentrations of acute-phase reactants that tended to reach higher values in the emergency cases, the levels of visceral proteins are very similar in both groups. 
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Two patients who developed an infectious complication in the immediate postoperative period following emergency surgery showed a strikingly different evolution of plasma proteins (Fig. 10) . In these patients, the acute-phase reactants were still rising after the 6th post-operative day while the TBPA and RBP levels continued to decline. The TSF level showed a pattern very similar to the one observed in the patients with an uncomplicated post-operative course.
Discussion
Inter-relation between plasma protein concentrations. A significant positive correlation has been found in a group of non-injured patients between the plasma concentration of the four visceral proteins considered for the present work. However, the correlation coefficient r was found to be high enough to allow a correlation between individual subjects only when the fast turnover proteins, 
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TBPA and RBP, were considered. The correlation between the plasma levels of TBPA and the slow turnover visceral proteins, albumin and TSF, was not as close and its use should therefore be restricted to comparisons between groups of subjects. As shown in Fig. 2 , a group of four non-cancer patients presented particularly low TBPA levels in comparison with albumin concentrations. All four patients had an inflammatory bowel disease. The discrepancy between TBPA and albumin levels could be explained either by a sudden deterioration of the nutritional status not reflected by the slower changes in albumin concentration or by the exacerbation of the inflammatory process. This latter hypothesis seems less likely since no correlation was observed in the seventeen patients studied between the concentrations of TBPA and acute-phase reactants. Effect of TPN on plasma proteins in protein-depleted subjects. Despite the transient plasma dilution due to the fluid load provided by TPN, a rise in the plasma concentration was observed for three visceral proteins. The rapidity of the response was directly related to the turnover rate of the proteins. The absence of modification in the levels of acute-phase reactants rules out the possibility of resolved inflammatory process and supports the hypothesis of a direct nutritional effect of parenteral alimentation on visceral protein synthesis. We have repeatedly observed in patients followed for prolonged periods (unpublished personal data) that the early and marked changes in TBPA concentrations are adequate for predicting later and slower rises in albumin concentration.
TPN with essential amino acids, glucose and lipids was adequate for inducing a rapid rise in TBPA levels in both groups of patients with acute renal failure. The stable inflammatory conditions were also assessed in these patients by the absence of change in the concentrations of acute-phase reactants. An improvement in nitrogen balance has previously been reported in patients with acute renal failure receiving TPN with essential amino acids (Wilmore & Dudrick, 1969; Abel et al. 1973 ). However, it was impossible in these studies to separate the influence of the nitrogen intake on protein synthesis from the inhibitory effect of glucose and insulin on muscle catabolism. Our findings suggest that TPN with essential amino acids can stimulate the synthesis of some proteins.
TBPA concentrations seem abnormally high in the group of paGents with acute renal failure and impaired diuresis ( Table 4 ) when compared to the other groups of patients. This is in agreement with a previous observation in patients with chronic renal failure (Young et al. 1975 ) and suggests some role for the kidneys in TBPA catabolism; however, we have shown in a previous study that dialysis does not affect TBPA levels (Carpentier et al. 1981) . This means that TBPA concentration should not be used as an absolute value in patients with acute renal failure. Nevertheless, the evolution of TBPA could still be suitable for assessing the efficacy of nutritional support in stable conditions. Effect of surgery on plasma protein concentration. It should be pointed out that the model of surgical operation used in the present study does not allow us to clearly separate the effect of injury from the influence of several days of partial starvation. After an injury, the plasma concentration of proteins is influenced by
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many non-specific factors such as direct protein losses, total body water retention, increased extracelluladintracellular water ratio, increased capillary membrane permeability to some proteins, as well as specific factors such as a modification in the synthesidbreakdown balance for each protein. These factors have been particularly well investigated in relation to the metabolism of albumin (Moore & Clarke, 1982) . In the early post-operative period, we have observed in both groups of surgical patients a very marked increase in the plasma level of acute-phase reactants concomitant with a sharp drop in the concentration of fast turnover visceral proteins. These changes in TBPA and RBP concentrations cannot be entirely explained by non-specific factors. The results of the present study suggest that the metabolic response to injury resets the priority of protein synthesis by the liver towards the production of acute-phase reactants at the expense of, at least some, visceral proteins. Therefore, the effect of injury on plasma visceral proteins appears to be much more dependent on inflammatory than nutritional conditions. Indeed, we have observed very similar post-operative variations of plasma protein concentration in a group of patients who received TPN after abdominal surgery (unpublished data). However, a retrospective comparison of post-operative TBPA concentration was recently made between two groups of five patients each undergoing surgery for rectal cancer; these groups were as well as possible matched for age, sex, grade of the tumour, type of operation and post-operative complications. TPN was infused at least 5 d before and I week after surgery in group A and only in the post-operative course in group B. TBPA concentrations were normal in both groups before surgery but decreased significantly less (80 o. 48% of the predicted values; K o . 0 1 ) and returned much faster towards normal values in group A than in group B. A well-controlled randomized study is needed to assess whether pre-operative TPN can help to maintain post-operative levels of visceral proteins in the normal range.
Conclusions
The determination of plasma concentration of various proteins is an easy procedure that can be repeatedly performed in a patient. The information provided by these measurements is more specific than the one given by total body nitrogen or nitrogen balance. However, the plasma concentration of a protein is not only the result of the balance between synthesis and breakdown but is also markedly affected by changes in the space of distribution.
The plasma concentration of rapid turnover visceral proteins is positively correlated with the level of slow turnover visceral proteins that are currently used in nutritional assessment.
When TPN is administered to protein-depleted non-injured patients, the rapidity and the extent of the elevation in the plasma level of different visceral proteins is related to the turnover rate.
The plasma concentration of rapid turnover visceral protein appears to be a very sensitive parameter for indicating the efficiency of a nutritional therapy. However,
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The assessment of nutritional status in man 417 the level of these proteins is highly affected by the inflammatory response. Therefore, their use as nutritional indices should be restricted to investigating patients in stable inflammatory conditions.
